A Remington humane stunner was used to deliver blows tothe skulls of anesthetized cats. Alternate animals were post-treated with either dexamethasone (4 mg/kg/day) or a comparable volume of saline. Each animal was tested for cerebral edema 48 hours after impact by measurement of the change in density of white matter from normal values. Dexamethasone therapy did not reduce the change in density of hemispheres with contusions involving both cortex and underlying white matter. For hemispheres with contusions limited to cerebral cortex, there was minimal edema of the white matter, which was reduced a slight amount by dexamethasone.
S
TEROIDS have been shown, clinically and experimentally, to reduce cerebral edema associated with several forms of intracranial pathology. The response to these drugs in patients with brain tumors is often dramatic. For the head-injured patient with brain edema, however, beneficial effects from steroids are uncertain. Clinical and experimental studies have been conducted to evaluate possible anti-edema properties of steroids on cerebral edema of traumatic origin. The results of several clinical trials are inconclusive. From a number of laboratory studies using various experimental models for traumatic cerebral edema, both positive and negative results have been reported.
In the present investigation, we used an experimental model designed to simulate the trauma of impact seen clinically. It involved a mechanical impact injury resulting in skull fracture, subarachnoid hemorrhage, and cerebral contusion. Observations concerning the effect of the steroid dexamethasone on the cerebral edema seen with this model will be described.
Materials and Methods

Head Injury
Adult mongrel cats of both sexes were used. Animals were prepared for cranial impact by anesthesia with ketamine hydrochloride, endotracheal intubation, and a midline reflection of the skin to expose the dorsal aspect of the skull. Each cat was placed in a plexiglass holder with the head resting on a compressed aluminum foil support, which permitted slight downward movement of the head at impact. The barrel of a Remington Humane Stunner was fixed in position so that the center of the striking surface of the impacting disc was 16 mm above the midline area of the frontoparietal suture of the cat's head. The exposed skull was impacted by detonation of the stunner disc, using a .22-caliber blank cartridge.
Immediately after head injury, all animals showed respiratory arrest and fixed, dilated pupils. Animals that did not resume breathing within 2 minutes after impact were placed on a respirator until spontaneous breathing resumed. One hour after cranial impact, alternate animals were treated with either dexamethasone or a comparable volume of saline. The dosage for dexamethasone was in dosages of 2.5 mg/kg, administered intraperitoneally at 1 hour after impact, with a maintenance dose of 4 mg/kg/day, administered intramuscularly at 12-hour intervals.
Data Collection
Each animal was sacrificed under ketamine anesthesia by immersion of the head in liquid nitrogen 48 hours after head injury. With the frontoparietal suture used as a landmark, coronal slices were made through the frozen cranial vault at 5-mm intervals, and five sections containing brain tissue were taken. Each section was then immersed in a Petri dish containing kerosene, allowed to thaw, and examined under a dissecting microscope for pathology. The location, approximate size, and type of tissue involved in each contusion were recorded. For each section, duplicate samples (5 to 10 mg each) of the white matter of the centrum semiovale were removed bilaterally and analyzed for specific gravity, using an organic density gradient column. 11
In addition, eight normal control animals not subjected to impact were sacrificed and tested in the same manner as that used for the impacted cats. Data collected from this study were also compared with data described previously from impacted cats with no drug treatment? 6 Since the pathological results of cranial impact in these cats were not highly reproducible, impacted animals reported in this study were limited to those suffering unilateral contusion. This type of pathology was seen in approximately 70% of head-injured cats.
In order to compare our data with those seen from other testing methods, the change in specific gravity values of contused hemispheres from normal control levels was converted to change in tissue volume, using the following equation: 11
where SG = specific gravity, cont = control tissue, and exp = experimental tissue. In making this calculation, one assumes that the change in volume is due to addition of water only, and the volume increase represents a minimum volume change.
Results
Gross Pathology
On gross inspection, animals suffering unilateral contusion showed lesions that were either limited to cortical gray matter (GM contusion) or that involved both cortex and underlying white matter (GM-WM contusion). In general, GM-WM contusions were larger than GM contusions. In all animals, contusion was found at the level of the rostral two sections (Sections I and II) taken from the cranial vault.
Specific Gravity Data from Uncontused Hemispheres of Impacted Cats
For the uncontused hemispheres of all impacted animals, the specific gravity of the white matter of the centrum semiovale was not significantly different from control values at any of the sectional levels tested at 48 hours after head injury.
Specific Gravity Data from Gray MatterWhite Matter Contused Hemispheres
For hemispheres with GM-WM contusion in both treated and untreated cats, there was a dramatic decrease in specific gravity from normal control values at the two rostral sections (Sections I and II) that contained contused tissue. Caudal to the level of contusion (Sections III, IV, and V), the decrease in specific gravity from control values was less than that at Sections I and II (Table 1) .
In comparing data from the contused hemispheres of dexamethasone-treated and saline-treated animals with those from untreated animals, there was no statistical difference in either of these groups at any section level, although the average specific gravity from dexamethasone-treated animals was somewhat higher than that for the other two groups at the caudal four section levels. These comparisons are demonstrated graphically in Fig. 1 . In addition, the increase in tissue volume of the white matter of contused hemispheres is shown in Table 1 .
Specific Gravity Data from Gray Matter Contused Hemispheres
For hemispheres with contusion limited to the cortex, data from the untreated animals Mean values of specific gravity of centrum semiovale at five brain levels from animals with unilateral contusion involving cortex and underlying white matter. There are marked differences in density between contused and uncontused hemispheres, but no effect of dexamethasone.
showed a small decrease in specific gravity at Sections I and II (those sections with contused tissue) ( Table 2) . Caudal to the level of contusion, there was no significant difference between impacted hemispheres of untreated animals and control hemispheres. Data from saline-treated animals were statistically similar to those from the untreated group. By comparison, dexamethasone-treated animals with cortical contusion showed a specific gravity at Section I statistically different from that of untreated and saline-treated animals ( Table 2) . Data from Sections II, III, IV, and V of these dexamethasone-treated cats were not statistically different from the untreated animals. The percentage change in tissue volume seen with these groups of animals is shown in Table 2 . Graphic representation of these data is shown in Fig. 2 .
Discussion
There are many problems associated with determination of the value of therapeutic measures in reducing the brain edema resulting from closed-head injury. Clinical testing is complicated by the non-uniform and unpredictable intracranial pathology of the head-trauma patient. Furthermore, there are no reliable markers for the magnitude of brain edema in the human patient. Clinical Table 3 . Overall, these investigations fail to demonstrate a positive effect of steroids on mortality and morbidity in head-injured patients, since beneficial effects were described only in studies lacking control ,o,5o patients. However, in the double-blind study reported by Ransohoff 14 a trend toward better survival was seen. It must be noted that survival is related to many factors and therefore cannot be directly equated with ~ ,04o0 cerebral edema. ~ Laboratory investigations that use experimental models for traumatic cerebral edema are valuable in testing anti-edema agents since they permit the use of subjects ,o35o with more uniform injuries and allow the application of invasive methods for precise quantitation of brain edema. Ideally, the experimenter should use a reasonably reproducible model that closely simulates the ,0300 clinical situation. He should also employ a precise test for edema that focuses on the primary characteristic of edema, namely, change in the brain's water content. Unfortunately, all of these goals are difficult to at- The most frequently used model for the study of the edema of traumatized brain employs a thermal insult (cold) to cerebral cortex. This model has the advantage of inducing edema with rather high reproducibility. Its main disadvantage is an etiological dissimilarity with clinical traumatic brain edema. This dissimilarity may be pertinent since recent literature suggests that the nature of a vasogenic insult to brain tissue can affect responses to various forms of anti-edema therapy. Nevertheless, widespread use of the cold injury has led to an accumulation of knowledge concerning the steroid effect that may be of value clinically.
A review of some of the quantitative studies testing the effectiveness of steroids on cold-injury edema is shown in Table 4 . In analyzing these works, certain trends are evident. A specific relationship between route of administration of steroids and an anti-edema effect, within the limits of parenteral administration, has not been demonstrated. Likewise, there is no evidence for an advantage in giving large doses. In most studies, an effect on the brain's water content cannot be demonstrated quantitatively until 24 hours after injury, with the greatest reduction seen at 24 to 48 hours after trauma. A striking feature seen with several cold-injury studies is a definite anti-edema effect of steroids given tat peak of edema, 50 7o decrease in water content in pretreated animals; 30~o decrease in posttreated animals.
24 to 48 hours before trauma) ,x2,~3 In studies with a very short period of pretreatment (1 hour) or with posttreatment, some investigators reported no beneficial effect with steroids, ~-4,1~ while other investigators reported a posttreatment anti-edema effect considerably less than that seen with pretreatment? ,12 These findings suggest a protective effect of pretreatment with steroids, but this, of course, has no relation to clinical trauma.
There are several studies reported in which the experimental models more closely resembled the clinical situation. Benson, et al., 1 using laser injury to induce generalized brain-tissue injury, found no evidence of a beneficial change in the brain's water content in animals receiving dexamethasone after injury. Yamaguchi, et al., ~7 on the other hand, using extradural compression in the rat, found a small but significant anti-edema effect with the use of betamethasone.
Kobrine and Kempe 8 developed an impressive model using an impact blow to the heads of monkeys and reported a dramatic increase in survival time for animals posttreated with dexamethasone. Their studies indicate, in addition to effects on survival time, that brain edema in treated animals was diminished. Unfortunately, their test for change in edema (spread of Evans blue tracer) involved a comparison of two groups of animals that were examined at different time periods after injury and under different agonal conditions.
In the present study, animals suffering onesided contusion were treated with dexamethasone beginning 1 hour after impact. The magnitude of brain edema was tested in white matter samples only, since in preliminary studies, it was found that the edema fluid seen with this model accumulates predominantly in white matter. Samples were taken at five rostrocaudal levels of the white matter of the centrum semiovale to determine magnitude of brain edema at five separate points along the white matter compartment.
With animals suffering contusion of both gray matter and underlying white matter, no significant difference could be demonstrated in the magnitude of brain edema seen in dexamethasone-treated animals when compared to contused untreated cats. These findings suggest that both the magnitude of edema and territory of spread were unaffected by dexamethasone treatment at 48 hours after head injury.
Data collected in the present study from animals with lesions confined to cerebral cortex show much less severe edema than that seen with gray matter-white matter contusions. Since gray matter-white matter lesions were usually larger than cortical contusions, a relationship between size of lesion and magnitude of resulting edema is suggested. In a few animals, however, sizeable cortical contusions were seen which, on the basis of our crude size estimations, were larger than some of our gray matterwhite matter contusions. These large cortical contusions were, nevertheless, associated with minimal brain edema. It is our subjective impression that contusions involving both gray and white matter, with the interface "open," incite the development of more extensive brain edema than that seen with a contusion of similar size that is confined to the cortex.
In addition, it appears that gray matter-white matter lesions are less responsive to dexamethasone than cortical contusion.
In summary, the effect of dexamethasone on the brain edema resulting from closedhead trauma is difficult to evaluate on the basis of the clinical and experimental data available at present. Controversial data in this area suggest that steroids are not as effective with traumatic brain edema as they are with edema stemming from other intracranial pathologies. A search for better therapeutic measures for brain edema resulting from head injury is certainly warranted.
